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20.  ABSTRACT  ^Contiaum  ravaram  aida  if  nacaaoary  mid  IJentiff  by  block  r.umber) 

Icmagglut ination- inhibition  iTII)  procedures  for  the  detectinn  of  morphine,  meth- 
adone and  barbiturates  have  been  devised,  develo]5ed  and  validated  to  the  point 
of  their  adoption  by  diagnostic  laboratories,  and  the  necessary  reagents  have 
become  available  through  corimcrcial  sources.  The  111  test  for  the  detection  of 
the  major  cocaine  metabolites  suffers  from  interference  by  unidentified  sub- 
stances found  in  some  human  urine  specimens.  After  aiipropriate  adjustmei.i  for 
this  interference  the  tost  detects  cocaine  metabolites  for  about  4 days  nf tei' 
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last  use  of  xhe  drug.  Ill  tests  for  detection  of  an:pheta:ni ne  and  LSD  iiave  yet 
to  be  completely  developed.  Tne  applic.  lion  of  serological  methods  for  the 
study  of  jdiarmacokinetics  has  been  crit . . ; ly  examined  and  the  results  have 
been  submitted  for  publication.  Finally,  ihe  generation  of  specific  antibodies 
in  response  to  morphine  administration  has  been  verified,  but  the  biological 
significance  of  this  phenomenon  remains  in  question.^: 


Inr. roJuct.  i 'I-. 


The  general  purpose  of  studies  that  \<ierc  supported  by  this  contract 
has  been  that  of  developing  and  of  validating  specific,  rapid,  sensitive 
inexpensive  and  reporducible  test  procedures  for  the  detection  of  co.:i.ion- 
ly  abused  drugs  and  their  i.iCtabolites  in  biological  fluids.  Concurrently 
with  this  work,  but  supported  by  funds  from  otr.er  sources,  ;idditioiia] 
studies  have  been  conducted  to  prol)e  certain  iirm.unol ogical  aspects  of 
drug  addiction.  Included  in  the  latter  studies  have  been  imnunogcnetic 
investigations  into  responsiveness  to  specific  drugs,  5;tudies  on  actively 
acquired  hypersensitivity  to  drugs  after  the  repeated  aaministratioa  of 
the  drug  alone  or  in  the  form  of  drug-protein  conjugates,  and  an  examin- 
ation of  the  possible  role  of  circulating  antibodies  that  react  vjith  the 
drug  in  the  genesis  of  drug  tolerance.  Still  other  studies  .have  concerned 
themselves  with  the  technology  of  solid  phase ■ irmiunoabsorbants  and  their 
use  in  attempts  to  concentrate  and  purify  drug  or  metabolites  from  urine. 

As  far  as  fiscal  and  purely  administrative  aspects  v;crc  co;'.cer.;cd,  no 
major  effort  was  required  to  distinguish  bctt'jecn  the  practical  and  applied 
aspects  of  the  work  on  tlie  one  hand,  and  the  more  tlinoretical  or  basic 
aspects  on  the  other.  Contract  funds  were  applied  to  the  former;  grant 
and  other  funds  to  the  latter.  It  proved  far  more  difficui.t,  however,  to 
separate  the  various  phases  oi  the  work  intellectually  or  conceptually 
and,  for  this  reason,  we  have  considered  it  only  reasonable  to  acknowledge 
support  from  more  than  one  source  in  those  of  our  publication  that  bridged 
the  grp  between  basic  and  applied  aspects  of  the  work. 

In  presenting  this  final  report  on  our  contract-supportad  work,  v-'e 
shall  not  burden  the  reader  with  repetitions  of  what  has  been  published 
or  reported  in  detail  in  the  several  annual  reports.  More  de'tail  -.sili  be 
provided  for  work  that  is  in  preparation  for  publication.  We  shall  also 
briefly  summarize  some  of  the  approaches  that  proved  to  be  dis.ip'poiiiting 
or  which  have  not  yet  yielded  useful  information.  For  the  sake  of  con- 
venience, the  reported  results  will  be  organized  according  to  the  particu- 
lar drug  and  group  of  drugs  studied.  Finally,  it  will  be  recalled  tliat 
an  additional  report  was  filed  in  July  1975  as  p.irt  of  our  unsuccessful 
re-application,  and  that  contract  funds  supported  this  work  only  for  three 
months  beyond  the  report  date. 


Results 


.■\ . Morphine  ( hi.'roiu) 

While  tl.c  principle  of  inxiunization  with  conjug.'Los  of  carhox\;:;ethy  1 - 
morphine  and  proteins  had  been  dc\''eloped  and  reportoa  l>y  other;,  for  the 
purpose  of  obtaining  antibodies  that  react  with  morphine,  we  had  to  invest 
considerable  time  and  effort  to  reproduce  this  v/ork  and  finally  succ.,'edcd 
only  after  modifying  the  published  procedures.  When  the  contract  began 


to  support  our  v;ork,  we  had  passed  throug!’.  '..is  phase  and  had  begun  to 
develop  the  heiruigglutlnation-inliLbition  (illy  test.  The  araiual  reports 
submitted  during  the  period  1972-1974  and  our  several  relevant  publicri- 
tions  describe  procedures  and  results  obtained  both  under  controlled 
laboratory  and  under  field  conditions.  We  have  had  occasion  to  compare 
the  hemagglutination-inhibition  procedure  vyhich  we  had  developed  with 
alternate  procedures,  such  as  the  radioinin.unoassay  and  the  ency.me  acti- 
vation procedure  ("EMIT").  The  published  results  show  that  HI  is  as 
sensitive  as  the  radioirmr.unoassay  (RIa),  that  is,  is  mere  sensitive  than 
"EMIT",  and  that  the  specificity  of  the  HI  test  is  similar  to  th.at  of  the 
alternate  procedure.  Costs  of  HI  are,  of  course,  well  below  those  of  the 
other  tests. 

It  may  be  considered  a measure  of  the  success  of  the  HI  test  for 
morphine  that  this  test  has  been  further  developed  and  is  being  aistribu- 
ted  by  commercial  sources,  that  it  is  in  use  in  several  of  the  larger 
commercial  laboratories,  and  - finally  - that  it  has  been  singled  out  b; 
a comiTiittee  of  WHO  as  the  test  proedure  most  applicable  for  u.sc  in  tlie 
laboratories  of  the  developing  countries. 

Still  unfinished  studies  on  the  use  of  solid  phase  imaunoabsorb.ints 
for  the  retrieval  of  morphine  or  other  heroin  metabolites  have  been  dis- 
cussed in  our  report  of  June  1974.  We  have  no  additional  data  of  substance. 

Observations  on  the  recurrent  sporadic  excretion  of  "morphine  equivalents" 
are  being  prepared  for  publication.  While  we  have  failed,  thus  far,  to  ob- 
tain positive  identification  of  the  itnmunologically  reactive  matcri.ui  to  have 
adequate  data  to  rule  cut  morpliine  itself  or  any  one  of  tlit-  Iniown  .rmjor  m.cta- 
bolites.  It  is  equally  unlikely  that  the  substance  is  one  or  the  other  of 
the  endogenous  peptides  with  morphine-like  activity  th  it  have  r.;ccntl;.  received 
so  much  .attention.  None  of  the  peptides  tested  by  us  is  bound  by  the  antisera 
that  we  used  in  the  detection  of  morphine. 

The  completed  studies  on  the  induction  of  serum  antibodies  tli.it  are 
reactive  with  morphine  by  repeated  administration  of  mor[>hinc  pellets  under 
closely  defined  conditions,  our  evidence  for  the  gciieration  of  specific 
immunological  unresponsivcncss  (tolerance  in  the  immunologic  1 1 sense)  by 
morphine  injections,  and  the  suggestive  evidence  for  ;i  cellular  i.njnunc 
response  to  morphine  arc  all  contained  in  two  papers  tii.ic;  .irc  lo  appear  in 
the  International  Archives  of  Allergy  and  Applied  Im;:iunology  (July  1976). 
Preprints  wore  submitted  as  part  of  our  July  1975  report. 

B.  Cocaine and  Metabolites 


The  development  of  a hemagglutin.itio.i-inhibition  (HI)  ti!sc  lor  tiie 
detection  of  cocaine  and  cocaine  metabolites  was  begun  In  1972  and  so;r.c  of 
the  progress  in  these  attempts  has  beer,  cited  in  several  of  the  annual  reports. 
Since  the  material  has  yet  to  be  published,  we  shall  present  this  subject  in 
greater  detail. 
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Till.'  iiT;;iu;i  i ion  ol  imldK’.  v.’iLh  cc  . ,;c-Dovi  i-"'  m-ruii  o.nj.njii 
BS\)  conju^aHi;''.  yieidcJ,  in  t:iu'  iniLiii  .lo.'ios  of  l io'.r.  mb!  it',,  iiij'!.  y 
suitablo  antibodies  in  r>;p,' itod  blacnlinpr-  i'ro-n  ouo  ol  t,ln  eir.Iir  ani>T..-l  . 
Scrum,  from  tb.is  rabbit  w.i:,  ,:;;od  to  dovcLop  the  HI  Lf.U  in  j)ir!llr-l  \,'it!. 
n r.adioirrmiinoass.iy  and  to  a;'ply  tlic  dovolonod  test  to  .1  larp’.  soricn  >51 
bioloi-’ical  spocimca.s.  V/;.i]o  the  results  cd"  these  'Ludi^";  r.'  itirjmin.- , 
v.-c  were  hcsit.nit  to  puLd  i sh  our  findings  btcaut.e  f.ailcd  to  cl  ieit 

antibody  prodLiction  ag.'.inst  Kc-LS/,  in  on  additi'ii!'  t'.^'  Iv('  i-.ilijitF.  ...d 
also  failed  to  obtain  antibody  fomation  in  respoc^e  to  ben  :o-  l.'cyoidiu 
in  an  additicna;.  group  of  ribbiC:..  flvas,  our  experience  indie. led  th  t 
antibody  forr.iation  could  not  bo  induced  r..'.  will  ainl  tli.it  oar  e.\'..Tii'  ’nt 
would  coxic  to  an  end  with  thi'  e.xhauntion  of  sera  1 roxi  the  oia'  rabbit. 

The  recent  introduction  of  two  alt.'rn.ito  sorolcgical  test:,  for  coc.iiru- 
abuse  by  two  corumerci.il  sourca.s  (Syva  .and  Technsm.)  .ind  i'.Uor.;Lion  ob- 
tained from,  ti’.'-  supplier.:  oi  re.g.'-nrs  both  confirm  ;Air  oh-n  rv  .t  ions  .id. 
at  the  s.rr.e  tiro,  provide  for  a aontinuiny  ‘ourco  of  mtilodi'-  . V.V  1.  ivi- 
learned  that  .'u  the  h.nah;  of  otners  appro;':  in.ite  1 > Id  ter  c^nt  01  iir:.  a::  i ::  .'d 
■initials  (rabbits,  goats  or  sneep)  produce  m.-’asurab  i c .intibodio'  n r.-  , lasc 
to  injection  with  conjugates  of  b.'nzoyieceonine  and  pri.t  in.  '.’’ei'-,  :c' 
cour.se,  is  not  .-;ignif ic.ir.tly  difiernt  from  our  lipcii.g  ,ir.d  .its  ti.,!'.** 

the  m.iterial  is  either  poorly  antigenic  or  that  gt.-ctiw  t.-Ct^r,  pli;  ■... 
important  rcK  in  this  specific  response.  ' *> 

It  .should  be  stressed  that  the  serological  iti  Lo  ck  crited  i ' 

more  properly  c'on. ; icbirud  as  a test  for  co'ciine  m.ot.'bol  ito:  (cc...a.iLne  .1.  J. 
bentoy  lecgoniiic ) than  for  coca  ?r.e  proper.  This  i:;  i f 1 us!  in.in.  .!  fn  the  1 ibl.' 


^ • • i * 

whore  it  will  !ia  noted  tii.it  tor  ecgoninc  .i.ui  b :u;o>  i o^j.'.'n  ■ . ..re  bot.li  niU'-h 
more  effective  inhibitor.;  of  the  react  ion*  t h.in  i.s  coc.ii.n.’'.  it  '..-ill 
bo  aoti’d  froiii  the  t.ibie  tint  'lithiti  the  context  of  .our  coet  1 in  r.-  exL  ' -■ 
no  sipnif  ic  Wit  differe:ic.c  in  tin'  ::pocificity  of  our  r '.hbit  •..■rum  (lla'  Ih.d)' 


and  three  sho.:n  anti.scra  ag.ilurt  be  ncoylocgonini'  olit  lined  f ren  T dm  a 
(courte;'y  of  I'r.  George  II.  .Shorr).  ' 

Specificity  ot  anti:er.i  .:y.  linst  eCgoni;n  a;u!  Len.:oy  I ■ C;;,'ni;u 


i-li'l.itivi  i :ili  i i tor'  . !ivLi 


.‘■..itiserui.i 

llCi'O- 

n iv.c 

lir-ri::ov  ’ - 
ft'  ,.'.1  L:.c 

Coe.  ill..' 

R.ib  7Co  (aiiL  i-i'Cgon  i ne  ) 

] 

0.  7 

!■  ) 

Sheen  71-!  lii  f.iiiLi-lielizovl- 
eegonine) 

1 

1 

(1.5 

!').■  1 

sin'...p  lo-n-y 

1 

1 ^ - 'j 

1 1 li'ii' 

Sheep  ’0-11-11 

1 

0.  1 2-0.'’ 5 

K'lii'. 

ll.siiig  erythrocyte;:  1 oated  '..'itli  conjti '..ito  o!  protein  ml  •.  .oini  .ind 
the  .mti.seri  just  d cribed,  •«:  h.ive  test,  d the  sper  i f i e i t •,  .>1  t ii  • r ctioi. 
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\JLt.h  rr  ::p4;ct;  to  drugr>  tint  are  either  clu-r.  v .illy  rclatf-d  or  it  I'.ij.lit  Lc 
four.d  i’l  bielugical  spec la’.e.i;.  tOi'Cthcr  wita  eviclf.icc  of  coc.air.e  aouje. 

Such  struc tur  1 1 l.y  simiLar  cornpourid"  a.T  atroaiuc,  r.Ci: po h-itiino  aid  v.irio.id 
sytiChctic  local  ancdth’tics  had  no  signil'icaiit  Croat,  re  ictiun.  Sirti .rly, 
a p.utbnr  of  drug;;  that  rcaenblo.  cocaine  in  t'neir  phar'iaco!.cv.,ical  .iCtivition, 

;:ucli  aa  antphet amine:; , i;)) inephrine , etc.,  failed  to  interfere,  liorptu' 
mcthado’ac  and  rviinim;  ilso  '.v'cre  Le'und  to  be.  noi.-ir.t '.rfi.  ring.  Ih.ing  either 
our  rabbit  r.er...:;  er  the  co;:;re  rc  id  ly  available  nlieco  j.Ta,  found  the 
sensitivity  of  th.c  test  to  he  such.  th..t  '’.'-O..'?  ng/ml  of  ec'onir.e  (^r 
oegonine  equ  ;.v  a Iv'uts ) couLd  bo  detected  and  rneasurid.  It  ahould  Lo  noted 

th  .t  tiie  SMIT  i.e;:t  requires  rainiir.al  coneontrat  j .aus  ol  0.  : ^ - ipOo- 

foid  differanee  in  sensitivity. 

fn  retur-ning  to  tlie  fact  illustrated  in  l.i'.e  tabi.  tiiat  coc..iiU  it.;;elf 

reacts  poorly  ar  not  at  ill  in  the  lest,  it  stcr.s  ii  .,,ort...'iL  to  ca’i  li.tent'  a.. 

to  tlic  fact  Id:  .t  aeueous  solutions  of  coc:'.ine  deterior  itC'  at-i  tli.  lalqv  'Min  L. 
soroiogical  reactivity  iu  cur  te:;t.  Ti.e  incrca<ji,  ir.  .•■.eroloa.ic  1 1 .ctivity  can 
be  correl.ited  Jit.h  an  increa.si;  -n  ciiro.natographic  il  ly  deteetabla  1a  nr.a)  Leei.oaii.e 
and,  ( Vin..ua!ly,  in  tlie  prcr-e  icc  of  incri:  laing  amount';  oi  eci'or.ine.  It  .'.ppe  irs 
tnat  solutions  of  ecgcni.'.e  are  tiie  most  stable  .md  most,  ue.irable  st,.;n;ardr> 
tor  th.c  test. 

In  our  pr-limiuary  attempts  to  .ipply  the  to  ;t  to  biologica'.  s'K'e  ;.;,,eri.>; , 

\:c  tested  urine  specimens  i.'ro.n  th.rcc  moakr^s  vhicli  iiaU  be.  n in  jected  vlth 
I ng/kg  cocaitu -il.'lL.  Tie  se  speeimens  Inid  been  made  nvaila'de  to  us  L_'.  COh 
Demaree  of  W:i' IR  to  wlion  \:c  are  much  ind.ibted.  It  ua.;  louad  .h.  it  cocaini.' 
met  abo'i.  ites  '.•■■re  raj.'idly  detect. .ble  for  7d  h.ours  alter  :a!.iiia  ■ ; r,  Li  un  of 
this  dose.  In  nn  add  it  ion  1 1 monkey  whois  nc  Injeceo'  i.ith  . -.i.igle  i:.iea- 
i'.uscutar  dose  of  coc..ia'  (i  mg/lt;;  cocaine-ilCI.) , we  louua  diieet.ihle  ■ 
cretiou  of  eegonine  c pi iv  ■.  1 e;'.t for  a period  of  4-5  d.iys.  group  of 
o.xcroted  ecgoninc  cq'ai\' ili  r.ts  in  detect  ible  ainoant.s  .or  .i  .sir.'iil.ir  peried 
of  time.  Fro:;i  other  studies,  we  were  very  niucli  .aware  th  it  .ani'.’.iL  n.'dcis 
.miglit  not  be  rclev.int  tei  Ira:T'..'.u  nattirns.  For  c.'tw.iple,  wo  1.  .d  1 ounJ  tli.it 
inethidono  cquiv.'.lent:;  were  .suite  r.ipidle  eliminated  in  mice  or  r.onl'.eys 
given  a sir.g.i  dose  of  .setlwdonc  while  excretioa  in  hum.an.s  volunteer,  W'.-. 
have  foti  id  til  it  aft.  r a single  s:Ti.ill  IV  done  of  '.hi  mg  coe.’i''.e-’;0h  e-’pcninc 

equiv.iKiits  wre  detectable  in  urine  for  3-4  days  and  in  . e rum  for  2 d.ii's. 

The  cb.-:orv.it ionr;  just  de.scribcd  pi-rt.-in  to  the  dit.ctioa  of  eefu.iine 
in  ar.o.jats  t h.  t .im'  iga  If  ic.  intly  above  "b  ickg, round"  vihev.  "a  lel'.gro'anc" 
is  defined  as  ipp.ivent  eegonino  conceutr  it  i on'  lamud  i.i  iniis.r.l  .pec '-.news. 

V.'e  liavo  Couiui  no  signiiieant  "background"  in  the  uri:i.'  ;pec ire.n  of  .iLee 
.iiid  of  monk-.y,..  Tlii:  do'  s.  not.  Iiold  true  lor  hui'iii',,  iio'''c- Ve r . In  t.'it'-  or 

iirLts,  ; ■•■oc  i:  urns  from  15'.'  in,. . vidu.i!  s who  ii  id  recetvi'd  no  coci.'iu  it  v.r 

found  tii.it  a’pj'-ro;;iiii,iti  1 / .’5  per  Ciuit  yielded  1 ;1  ;■  go.'.itiv,'  riaet'oi;;  or 
tiie  pr.''.  'iice  (■!  ecgoi.ii;.  . hh  i 1 e most  ol'  tin ase  .specimen  appe.irjt!  to  c,n- 
tain  30  to  M'O  a;;  ecgoiiino  oeu  Lval  etiLs/ml , i r.iiro  sai,.iiie  '..on' J co.i.Vam.  ..n 
npp.ireiit  24'l  ig/ml  . Tlie  re.ictiv,  materia!  Lntoricre'  in  an  .,g.p..re.'.t  1 v 


specific  manner  in  Cl;c  tost 
sistcritly  in  urine  specimens 
from  otliors.  Its  origin  and 


for  eegonine  .;e  and  it  is  found  rather 
from  some  indj.viduals  and  not  la  spccimci 
nature  are  currently  under  inve.stig  ition. 


con- 

s 


The  practical  significance  of  this  finding  is  the  fol loving:  (L)  The 
sensitivity  of  the  test  for  ecgor.ine  must  be  reduced  to  th.e  250  ng/ml  or 
higher  level  vhen  the  test  is  applied  to  a collection  of  r,indo;.i  liur.'tn  spec- 
imens. (2)  At  this  level  of  sensitivity,  the  test  v.'ill  stirl  detect  use 
of  cocaine  for  at  least  5-4  days  after  a small  dose.  (3)  As  discussed  on 
previous  occasions,  the  serological  tests  for  drugs,  .it  wimtever  level  of 
sensitivity  they  may  be  done,  are  properly  used  only  for  the  purpose-  of 
exclusion.  Positive  tests  will  aivjays  require  coniirnation  by  chemical 
analysis . 


C.  Other  Drugs 


No  substantial  progress  has  been  made  during  the  last  tiircc  mor.ths  of 
the  contract  in  studies  on  other  drugs  and  the  ann-ial  report  submitted  in 
July  1975  represents  the  most  up-to-date  information  from  our  laboratory. 


To  .summarise  such  work  briefly;  We  liavc  satisfied  ourselves  tnat  our 
test  for  methadone  detects  use  of  the  drug  for  a period  of  at  least  one 
week  beyond  the  last  exposure  even  though  the  test  does  not  detect  th<.,  major 
cyclic  derivatives  of  the  drug.  Attempts  to  prepare  antibodies  reactive  witli 
such  cyclic  metabolites  arc  therefore  not  necessary  for  diaguotic  purposes, 
but  wc  are  still  attempting  to  make  such  antisera  for  research  purposes.  We 
have  reported  that  antibodies  reactive  with  amphctamiries  have  Lotn  prepared, 
that  their  reaction  witii  the  drug  can  be  demonstrated  in  a rndioi.-.riUi  o issay , 
but  that  v;e  have  been  unable  to  develop  an  effective  HI  Lest  in  tliis  system. 
Data  descriptive  of  our  HI  test  for  the  detection  of  b irb 1 tura: es  were  sub- 
mitted with  our  1974  ani.uai  report.  For  the  latest  data  on  serological 
testing  by  HI  for  LSD  wo  refer  to  the  report  of  July  1975,  in  which  we  :n.en- 
tioned  certain  technical  difficulties  in  the  application  of  the  test  to  urine 
specimens  and  pointed  out  that  the  amounts  of  this  group  of  li-ags  that  pro- 
vide effective  doses  arc  so  small  tliat  even  the  highly  sensitive  serological 
tests  '.aay  not  be  capable  of  dctcctiug  their  use  beyond  the  initial  24-48  hour 
period. 
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